Since he was a young boy, Vincent Freeman has wanted to be an astronaut, visiting distant planets and discovering the hidden secrets of the galaxies. Unfortunately, Vincent was born into the dystopian society of Gattaca, the 1997 cinematic creation of writer-director Andrew Nicole. Set in the ''not-too-distant-future,'' the film unfolds in a world where parents with sufficient resources routinely screen their ''pre-embryos'' prior to implantation to select offspring with the optimal combination of traits obtainable from their genetic material. Vincent, on the other hand, was conceived the old-fashioned way, in the back of his father's Corvette. This passionate gamble on the genetic lottery did not turn out well for Vincent. Moments after birth, his genetic profile predicted a propensity for a variety of physical and mental disorders, including a 99% probability of cardiac death in 30.2 years. Not surprisingly, Vincent's parents decided to seek the aid of an interventional geneticist before they conceived a second child.
Although genetic discrimination is technically prohibited by law in the society envisioned by Gattaca, the practice has become routine. In common parlance, the genetically optimized are known as ''valids'' and automatically gain entrée to the most desirable employment opportunities. Non-optimized individuals such as Vincent are labelled ''in-valids'' and relegated to more menial careers. After all, the reasoning goes, with so many outstanding specimens available, why should an employer invest valuable resources to train an inherently inferior candidate? Genetic profiling is not just embraced by prospective employers: Young men and women surreptitiously obtain DNA samples from potential mates before entering into a romantic relationship.
Vincent refuses to accept his genetic prognosis, and works to optimize his abilities through intense study and strenuous exercise. In a culture in which the only job interview is a genetic screen, however, all this effort is ultimately fruitless. As Vincent mournfully concludes, ''The best test score in the world wasn't going to get me in the front door if I didn't have the blood test to go with it.'' In order to overcome his telltale DNA, Vincent arranges to become a ''borrowed ladder,'' the common term for an ''invalid'' who assumes the genetic identity of a ''valid.'' Through a black-market agent, Vincent connects with Keywords: anterior cruciate ligament; injury prevention; ACL risk factors; genetic determinism Jerome Morrow, whose optimized genetic profile is off the charts. Overwhelmed by the pressure to live up to his presumed potential, Jerome is paraplegic after a botched suicide attempt and is willing to sell his identity to Vincent. The life of a borrowed ladder is not an easy one. Although the two young men bear more than a casual resemblance, they are far from a perfect match. To pass as Jerome, Vincent must dye his hair, veneer his teeth, and even endure a painful leg-lengthening procedure. His efforts pay off: Vincent is hired as a flight navigator at the Gattaca space complex where he previously worked as a janitor. To maintain the ruse, Vincent starts every day by ''ridding himself of himself''; scrupulously scrubbing his body to remove any skin or hair that might inconveniently exfoliate, then meticulously applying false fingerprints and arming himself with enough of Jerome's blood, urine, and integumentary waste to pass the random genetic screens that Gattaca frequently throws at its employees. This elaborate masquerade allows Vincent to be judged by his actual abilities, rather than his genotype. He is selected as the navigator of an exploratory mission to Titan and draws up a flight plan, which, in the words of the mission director, is ''Phenomenal. Not one error in 100,000 keystrokes.'' Through its dystopian lens, Gattaca calls attention to the role of genes in determining human traits, abilities, and susceptibility to disease. The society it envisions is pervaded by a fanatical belief in genetic determinism. 16 Genotype is assumed to be such an accurate predictor of performance that the ability to perform is not even tested. Trusting absolutely in the accuracy of genetic profiling in predicting disease, citizens await their anticipated demise with fatalistic acquiescence. Medical science itself seems to have lost interest in the treatment of disease, focusing instead on the development of the next, more perfect generation. Vincent's success and longevity, however, stand in refutation of this overly simplistic view of human potential.
Gattaca reminds us of the eugenics movement of the 19th and early 20th centuries, which sought to improve the human race through selective breeding. 16, 24 At the height of its influence, the concept of eugenics was used to justify some of the most immoral behavior in the history of modern civilization. The memory of these excesses continues to inform the ethical debate surrounding modern genetic screening. 16 Although rarely articulated, some of these issues, albeit in muted form, lurk in the background of our contemporary research into the causes and prevention of sports injuries.
When it comes to investigating the origins of injury and devising preventative strategies, no structure has attracted more attention than the anterior cruciate ligament of the knee. Much of this research was prompted by the observation that, at least in certain sports, female athletes were more likely to tear their ACLs than their male counterparts. 5 The quest to identify the factors responsible for this increased risk in females has broadened to a more
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At least 2 studies have documented familial clusters of ACL tears, suggesting a genetic component in the origin of at least some of these injuries. 12, 17 Orthopaedic conditions and injuries commonly have a multifactorial etiology, however. Some of these factors may be genetically determined, but sorting out the contributions of each possible element has proven to be a complex process.
Several schemes have been proposed for organizing and analyzing the risk factors for ACL injury. The most basic system divides them into elements intrinsic or extrinsic to the human body. 8 In 2006, an eclectic group of researchers assembled by the American Orthopaedic Society for Sports Medicine issued a consensus statement summarizing the accumulated evidence about the causes of ACL injury. They separated the risk factors into 5 categories: environmental, anatomic, hormonal, neuromuscular, and familial. 15 Conceptually, genetics might play a role in all of these categories except for environmental.
More recently, Cameron and others have emphasized the utility of classifying risk factors as either modifiable or nonmodifiable. 8 Not surprisingly, much of the research into the origins of ACL injury has focused on potentially modifiable risk factors, especially neuromuscular ones. The foundation of this work has rested on studies that analyzed the mechanisms of ACL injury from patient interviews or injury videos, as well as laboratory investigations into the biomechanics of simulated athletic activity. Based on the increased incidence of ACL injury among female participants in soccer and basketball, 5 these latter investigations have looked to biomechanical differences between the sexes as the key to noncontact injury causation. This research has led to neuromuscular training programs that have been shown in several studies to reduce the ACL injury rate, particularly in females. 13, 14, 19, 23 Despite this understandable emphasis on modifiable determinants of ACL injury risk, some researchers have sought to identify risk factors that would appear to be unmodifiable and, most likely, genetically linked. These studies have concentrated on the role of anatomic variants, beginning with the configuration of the intercondylar notch. In 1987, Anderson et al 4 examined the knees of ACL-injured patients and control subjects with computed tomography and found that several parameters of notch shape and size were significantly different between the 2 groups. Other studies of that period associated acute ACL injuries with normalized posterior notch width 20 and bilateral ACL injuries with another normalized measurement, the notch wide index. 28 Many, 1, 17, 26, 27, 32, 33 but not all, 22, 25, 33 subsequent investigations have found a relationship between ACL injury and different measurements of the intercondylar notch or femoral condyles.
As magnetic resonance imaging became more widely available, investigators were able to consider the dimensions of the ACL itself as possible risk factors for injury. Several groups of authors have found correlations between various parameters of ACL size and notch size. 9, 10, 27 Others have noted differences in ACL size between males and females that might contribute to their differential risk of injury. 3, 9, 10 Recent studies have identified associations between ACL injury risk and still other anatomic parameters, such as tibial plateau slope or concavity 6, 18, 27 or the presence and thickness of a bony ridge on the medial edge of the anterior outlet of the intercondylar notch. 11 The abundance of anatomic measurements that have been associated with ACL injury by various groups of investigators may leave the bewildered reader wondering which associations might be clinically important and which might be statistical anomalies based on sample size, chance, or flawed methodology. 35 The authors of a study in this month's AJSM attempt to rein in some of this confusion by investigating many of these parameters simultaneously. 34 Although ACL tears would seem to be common occurrences, they are rare enough that prospectively performing MRI examinations of healthy athletes and then waiting for some of them to tear their ACLs would require a very large and expensive study to achieve adequate statistical power. For this reason, prior studies have generally adopted a case-control model, in which the images from athletes with ACL tears have been compared with those who underwent imaging for other reasons. Depending on the methods used to identify controls, this methodology has the potential of introducing substantial selection bias. The current study also used a case-control design, but aimed to minimize the risk of bias by matching ACL-injured athletes with healthy teammates of the same age and sex.
In this study, Whitney and colleagues performed 3T MRI examinations of 88 pairs of subjects and compared a multitude of parameters. Their multivariate analysis identified decreased intercondylar notch width, decreased ACL volume, and increased thickness of a bony ridge on the medial edge of the anterior outlet of the intercondylar notch as parameters associated with ACL injury. Comparison of the sexes also revealed some differences in the relative importance of these factors. It seems likely that these anatomic features have an underlying genetic basis, although we may eventually discover that forces occurring during development also influence their formation.
While one may question whether so much effort and resources should be expended in identifying injury risk factors that would appear to be unmodifiable, there are a number of good reasons for doing so. The first might be called the scientific imperative: if we really want to understand something, we need to know as much as possible about it, even if the application of some of that knowledge is not immediately evident. In this case, there is a practical reason to learn as much as possible: if we were able to identify all modifiable and unmodifiable risk factors and the relative contribution of each, we would have a clearer idea of the potential benefit of addressing the modifiable ones. In addition, the distinction between modifiable and unmodifiable risk factors is not always as sharp and immutable as one might think: factors that currently seem unmodifiable may turn out to be amenable to treatments yet to be devised, while we may find, conversely, that it is not practical or ethical to alter ostensibly modifiable ones. Furthermore, an understanding of unmodifiable risk factors may help to identify high-risk individuals who could be offered available interventions to address their modifiable risks. 8, 16, 34 Finally, some individuals will want to be informed of their injury risk, even if it cannot be modified. 29, 30 If the ability to predict injury risk becomes more precise, ethical issues that are widely discussed in clinical genetics will become more pertinent. As with genetic testing, it will be important that risk information is revealed to athletes in a setting where appropriate education and counseling are provided. 2, 7, 16, 24, 31 In an era in which genome-scanning and whole body imaging are offered directly to consumers, this is not a moot point. 7, 21, 31 Risk information, like genetic information, should be the confidential property of the individual, who will have the authority to decide whether and how to act upon it. 16 Although the subject of ACL tears does not come up in Gattaca, it is safe to assume that youngsters with unmodifiable predisposing factors would be excluded from participation in risky sports in that society. So many elements come together to produce injuries, however, that our ability to forecast them will remain inexact. We must therefore be careful not to confuse prediction with prophecy, lest we produce the sort of crippling determinism seen in Gattaca. When used appropriately, knowledge of the factors predisposing to ACL tears, or any other orthopaedic injury, can only benefit the athletes we care so much about.
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